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^itle of the Invention 

DIGITAL SIGNAL RECORDING APPARATUS AND RECORDING MEDIUM 

Backgroung of the Invention 

The present invention relates to a digital signal 
recording apparatus and a recording meditun for recording 
digital compressed picture information on magnetic tape, 
and specifically the structure of the recording apparatus 
that suitably records picture data for a trick-play 
separately from recording data for a normal replay and the 
recording medium on which data is suitably recorded. 

Digital broadcasting such as, typically, digital 
satellite broadcasting is spreading widely. Video tape 
recorders (VTRs) to record and replay digital broadcasts 
with digital signals being as is are proposed. 

In digital broadcasting, picture information is 
compressed and transmitted through the use of a digital 
picture compression technique for effective use of radio 
wave bands . A typical digital picture compression technique 
in use is a Moving Picture Expert Group (MPEG) method. 
Digital picture compression reduces data quantity by making 
good use of mutual connections between successive picture 
data frames. 
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VTRs for recording digital compressed pictures have 
difficulties with trick-play operations such as fast 
forward and rewind. This is because digital picture 
compression uses mutual connections between frames and 
reproducing pictures from part of the picture signals from 
magnetic tape is attempted when a trick-play is requested, 
but original pictures cannot be restored from only the part 
of the signals . 

To resolve this problem, VTR systems have been 
proposed that record in advance only intra- frame coded 
pictures on magnetic tape in position that a rotary magnetic 
head passes as it scans in trick-play mode without using 
mutual connections between frames. (These systems are 
described in Japanese Patent Prepublication Nos. Hei8-46913 
and Hei8-98140.) These systems make it possible to 
reproduce intra-f rame coded picture data from magnetic tape 
and restore pictures in trick-play mode. 

Another VTR system compresses data at a higher 
compression rate and records the compressed data in position 
on magnetic tape in a separate process from the process of 
a normal replay of digital compressed pictures, which is 
described in Japanese Patent Prepublication No. Hei5- 
276491. This system, which converts input picture signals 
into digital compressed signals to record picture data, uses 
a separate higher-rate compression circuit for executing 
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(data compression at a higher rate to generate trick-play 
data, separately from the normal compression process, and 
disposes the data in place on magnetic tape. In this way, 
pictures are properly reproduced even during a trick-play. 

Furthermore, recording and replay equipment that 
records picture data while removing all or part of the fixed 
patterns and redundant data of picture data is described in 
Japanese Patent Prepublication No. Hei5- 125966. This 
recording and replay equipment extracts intra-frame coded 
data from input picture information and deletes headers, 
high-band coefficients of AC components, fixed bit 
patterns, etc. from the data when recording the data. The 
device reconstructs MPEG bit streams by inserting the 
deleted data when executing a replay. 

Brief Summary of the Invention 

The above VTR systems have the following problems. 

The VTR system described in Japanese Patent 
Prepublication No. Hei5- 276491 has a higher- rate 
compression circuit to execute data compression at a higher 
rate, separately from the compression circuit for normal 
replay use. For example, digital picture signals 
transmitted by digital broadcasting, however, have been 
compressed beforehand, A broadcasting station deteirmines 
a data compression rate that cannot be controlled by the VTR. 



perform data compression again, the VTR must return 
compressed signals to decompressed picture signals by using 
a decoder and then generate higher-rate compressed data by- 
using the higher-rate compression circuit. This VTR must 
include a decoder for decoding compressed signals to record 
digital compressed signals that have been compressed 
beforehand, such as digital broadcast signals. Thus, the 
system offered in the above publication is not suitable for 
VTRs that record previously compressed signals like digital 
broadcast signals • 

The VTR systems described in Japanese Patent 
Prepublication Nos. Hei8-46913 and Hei8-98140 extract only 
intra-frame coded pictures from input streams and record 
them as the trick-play data. However, a broadcasting 
station determines the data quantity of intra-frame coded 
pictures when executing picture data compression, but the 
VTR cannot control this data quantity. 

Generally, the data quantity of intra-frame coded 
pictures tends to be larger than that of inter-frame coded 
pictures. Because the quantity of data that can be 
reproduced for a trick-play is very small, the number of 
picture pages to be reproduced during a trick-play is quite 
limited if intra-frame coded picture data is applied as is 
to the trick-play. This causes a drawback of delay of screen 
update during a trick-play. 
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For the VTR described in Japanese Patent 
Prepublication No. Hei5- 125966, the hardware executes all 
processing, causing a problem of very large circuit size. 
For this VTR, a flexibility problem for different formats 
of broadcast data is also liable to arise. 

According to, for example, a D-VHS special replay 
system (pp. 19-24) described in ITE Technical Report Vol. 
23, No. 75; issued on November 11, 1999, this system uses 
signal processing circuits with about 40,000 gates and 
4 -megabit storage unit to generate trick-play data. 

However, real-time processing by hardware is not 
required to generate and record trick-play data, because the 
data size to be recorded for a trick-play is extremely 
smaller than the data to be recorded for a normal replay. 

Microprocessors are generally used to control signal 
processing circuits. However, such proposal is not 
presented that a microprocessor executes processing to 
generate trick-play data. 

A primary object of the present invention is to 
provide a digital signal recording apparatus and a recording 
medium suitable for generating trick-play data through the 
use of a microprocessor. 

The above publications about recording trick-play 
data do not disclose a method of recording picture data and 
accompanying time information. Particularly, these 
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publications do not disclose a method of altering picture 
data recording sequence and time information; i.e., the 
method required for the digital signal recording apparatus 
to record differently arranged data for trick-plays in both 
fast forward and rewind directions. To make data adaptive 
to both fast forward and rewind operations, it is very 
important to manage data recording sequence and time 
information. 

A second object of the present invention is to provide 
a digital signal recording apparatus that can record 
trick-play data adaptive to both fast forward and rewind 
operations and a recording media on which trick- play data 
is recorded so as to be adaptive to both fast forward and 
rewind operations. 

To attain the above objects, a digital signal 
recording apparatus according to the present invention 
comprises picture data extraction circuit for extracting 
picture data out of input digital compressed picture 
signals, trick-play-data generation means for generating 
trick-play data from the picture data through program 
processing by a microprocessor, data disposition circuit 
for disposing the trick-play data on tracks in position 
falling in line with the trace of the rotary magnetic head 
scanning in trick-play mode, and storage unit for storing 
picture data extracted by the picture data extraction 
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circuit and trick-play data that is disposed by the data 
disposition circuit. 

The picture data extraction circuit extracts 
intra-frame coded pictures. 

The digital signal recording apparatus is defined 
wherein picture data is analyzed into spatial frequency 
components through the use of Discrete Cosine Transform and 
the trick-play-data generation means cuts high-band spatial 
frequency components from the picture data. 

The digital signal recording apparatus according to 
the present invention is further defined wherein the data 
disposition circuit disposes data for fast forward 
trick-play on tracks in predetermined fast-forward data 
recording locations falling in line with the trace of the 
rotary magnetic head scanning in fast forward mode and data 
for rewind trick-play on tracks in predetermined rewind data 
recording locations falling in line with the trace of the 
rotary magnetic head scanning in rewind mode . 

The data disposition circuit is designed to dispose 
the data for rewind trick-play by rearranging the blocks of 
the trick-play data to constitute a complete picture on 
screen in sequence of reproducing data by rewind and 
reproduction . 
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The data for forward trick-play and the data for 
rewind trick-play are generated on the basis of same picture 
information and different time information. 

A recording medium according to the present invention 
is defined as the medium on which data for fast forward 
trick- play is disposed and recorded in predetermined 
fast -forward data recording locations falling in line with 
the trace of the rotary magnetic head scanning in fast 
forward mode and data for rewind trick-play is disposed and 
recorded in predetermined rewind data recording locations 
falling in line with the trace of the rotary magnetic head 
scanning in rewind mode. 

Brief Description of the Drawings 

These and other objects, features and advantages of 
the present invention will become more readily apparent from 
the following detailed description when taken in 
conjunction with the accompanying drawing wherein: 

FIG. 1 is the block diagram of a digital signal 
recording apparatus (VTR) according to the invention; 

FIG. 2 is the block diagram of interface circuit; 

FIG. 3 is the schematic of structure of a MPEG 
transport packet; 

FIG. 4 is the trace of rotary magnetic head scanning 
in trick-play mode; 



i3iime!iiiisfifHMimMilllim!l^llliliNil!lli 



-9- 



FIG. 5 is the block diagram of picture extraction 
circuit ; 

FIG. 6 is the data format of picture information 
according to MPEG method; 

FIG. 7 is the flowchart of control operation of 
picture extraction circuit; 

FIG. 8 is the arrangement matrix of spatial 
frequencies ; 

FIG. 9 shows a method of reducing spatial frequencies; 

FIG. 10 is the structure of a track; 

FIG. 11 is the structure of a sync block; 

FIG. 12 is the structure of main data in a sync block; 

FIG. 13 is the structure of a packet for trick-play; 

FIG. 14 illustrates disposing trick-play data; 

FIG. 15 is the structure of a packet of main data; 

FIG, 16 is the block diagram of a second VTR 
configuration of the invention; 

FIG. 17 is the block diagram of a VTR operable for 
trick-plays at two replay speeds; 

FIG. 18 shows patterns of recording data for 
trick-plays in 4-fold speed and 12-fold speed modes; 

FIG. 19 shows timings of access to the trick-play data 
areas ; 

FIG. 20 shows the traces of rotary magnetic head in 
fast forward and rewind modes; 
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FIG. 21 is the structure of trick- play data; and 
FIG. 22 shows the data locations for fast forward and 
rewind . 

Detailed Description of the Invention 

A VTR as an example of the embodiment of recording and 
replay equipment according to the present invention will be 
described below. 

FIG. 1 shows the block diagram of a VTR configuration 
according to the present invention* The VTR configuration 
includes a connector 101 for making the connection with an 
external device, an interface circuit 102, an picture 
extraction circuit 103, a RAM 104, a microprocessor 105 to 
generate trick-play data, a data disposition circuit 106, 
a recording signal processing circuit 107, magnetic tape 
108, a rotary drum 109, a magnetic head 110, is a 
reproductive signal processing circuit 111, a servo control 
circuit 112 and a capstan 113. 

The VTR shown in FIG. 1 records digital signals that 
are input from an external device such as a digital broadcast 
tuner and performs replay operation. The external device 
is connected to the VTR through the connector 101. The 
interface circuit 102 executes data transmission and 
reception to/from the external device. The interface in use 
shall comply with standards; e.g., IEEE 1394. 
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First, recording operation will be explained below. 
A recording start command is input from a switch (not shown) , 
a remote controller (not shown)/ or the like to the 
microprocessor 105. Alternatively, the recording start 
command is input from the external device through the 
interface circuit 102 to the microprocessor 105. The 
microprocessor 105 sets a data recording rate, magnetic tape 
run speed, and other required settings, according to the 
recording start command, and starts recording operation. 
During the recording operation, picture and audio packets 
to be recorded are input from the external device to the 
interface circuit 102. 

FIG. 2 shows a detailed block diagram of the interface 
circuit 102. The interface circuit 102 includes a parallel 
conversion circuit 201, a PAT detection circuit 202, a PMT 
detection circuit 203, a terminal port 204 interfacing with 
the microprocessor 105, a packet output port 205, a packet 
input port 206 and a serial conversion circuit 207. As 
provision required to detect the IDs of all packets, a PAT 
extraction circuit 202 and a PMT extraction circuit 203 are 
incorporated into the interface circuit 102. Input packets 
are, for example, MPEG transport packets. 

FIG. 3 shows the structure of an MPEG transport 
packet. The packet includes a synchronous byte 301, packet 
ID 302 and packet data 303. For MPEG transport packets, data 
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'transmission in 188 -byte packets is generally performed. At 
the beginning of a packet, a synchronous byte 301 exists to 
assure the detection of synchronization and this byte is 
used to detect the boundary between packets. The 
synchronous byte is one byte long and contains a hexadecimal 
value of "47." Any packet includes packet ID 302 for packet 
identification in a given position- The packet ID is 13 bits 
long and differs, according to the packet type such as 
picture packet , audio packet , or additional information 
packet. What information associated with a packet ID can 
be found by referring to packets called a Program 
Association Table (PAT) and packets called a Program Map 
Table (PMT). 

The interface circuit 102 first executes parallel 
conversion of input signals into 8 -bit byte data through the 
parallel conversion circuit 201. The interface circuit 102 
also converts the data into 188-byte MPEG transport packets 
by detecting the synchronous byte 301. The 188-byte MPEG 
transport packets are input to the PAT extraction circuit 
202 and the PMT extraction circuit 203, and, at the same 
time, output from the packet output port 205 and supplied 
to the picture extraction circuit 103 and the data 
disposition circuit 106. 

The PAT extraction circuit 202 extracts packets with 
a packet ID of 0 from the Program Association Table (PAT) . 
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^he PAT contains the Information about what numbers of 
multiplex programs are broadcast by the transmitted 
packets. Detailed information fx>r individual multiplex 
programs is included in the Program Map Table (PMT). By 
analyzing the information contained in the PAT, PMT packets 
IDs can be identified. For packets to be recorded by VTR, 
the PAT usually includes a single PMT packet ID for each 
broadcast program. The microprocessor 105 reads the PAT 
extracted by the PAT extraction circuit, analyzes the 
contents of the PAT, and finds PMT packet IDs. 

Then, the microprocessor sets the PMT packet IDs to 
be extracted from the PMT and gives them to the PMT 
extraction circuit 203 which in turn extracts these packet 
IDs from the PMT. Because PMT packet IDs differ, depending 
on the packet contents, the circuit structure is designed 
such that packet IDs to be extracted can be set from the 
external. To the PMT, information is written about what 
packet IDs correspond to voice, picture, and additional 
information transmitting packets. After having extracted 
PMT packet IDs, the microprocessor 105 analyzes the PMT 
packet IDs and determines packet IDs of the packets 
containing picture information. By processing in this way, 
determination can be made of IDs of the packets containing 
picture information among the packets received by the 
interface. 
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FIG. 4 shows the trace of a rotary magnetic head 
scanning in the forward direction in trick-play mode at a 
rate of 12 times as fast as normal scan speed (12-fold 
speed) . Reference numeral 401 is magnetic tape; 402 is a 
rotary magnetic head; 403 is a recording track; and 404 is 
a representative data field from which data is reproduced 
for a trick-play. In response to a trick-play request, the 
rotary magnetic head 110 moves across a plurality recording 
tracks on the magnetic tape 401 to reproduce data. From only 
the shaded sections 404 of the tracks, the data can be 
reproduced. During trick-play operation, thus , the VTR must 
be able to restore pictures from the data reproduced from 
the fields 404. 

Meanwhile, picture data compression according to the 
MPEG method compresses data by making good use of mutual 
connections between successive frames to increase the 
efficiency of picture data compression. Data in frames is 
classified into an intra-frame coded picture (I picture), 
a predictive coded picture (P picture) , and bidirectionally 
predictive coded picture (B picture) . The intra-frame coded 
picture consists of intra-frame information only. The 
predictive coded picture includes the information for the 
change from the preceding picture frame and the 
bidirectionally predictive coded picture includes the 
information for the change from the preceding and following 



-15- 



'frames. To restore a predictive coded picture, thus, the 
information on the previously restored reference picture is 
required. Similarly, decoding a bidirectionally predictive 
coded picture is not possible without the preceding and 
following picture information. 

Picture data to be reproduced for a trick-play is 
initially located apart from each other on tape and mutual 
connections between these discrete picture data cannot be 
expected. Because the VTR needs to make a picture display 
promptly on starting a trick-play, it must be able to restore 
a picture only from the just reproduced data in a frame 
without referring to its preceding and following frames. To 
restore pictures by trick-play, therefore, the VTR must use 
intra- frame coded picture pictures only and record them in 
the fields 404. To accomplish this, the VTR executes 
extraction and disposition of intra-frame coded picture 
data. How to extract intra-frame coded picture data will 
be explained below. 

FIG. 5 shows the block diagram of the picture 
extraction circuit 103 to extract intra-frame coded picture 
data. The picture extraction circuit 103 includes a packet 
input port 501 through which packets are input, a PID filter 
circuit 502, a start code detection circuit 503, an end code 
detection circuit 504, a control circuit 505, an I/O port 
506 through which control signals are sent to and received 
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^from the microprocessor 105, storage unit 507 and an output 
port 508 through which extracted image data is output. 

FIG. 6 shows the data format of picture information 
according to the MPEG method. Packet data from the interface 
102 is input at the input port 501. Input packets are 
188-byte transport packets as shown in FIG. 3. 

The PID filter 502 picks out appropriate packets from 
the input packets by packet ID. All packets include packet 
ID as described above, and voice, picture, and additional 
information packets are differentiated by packet ID. The 
picture extraction circuit 103 extracts only picture 
information packets. The picture information packet IDs 
detected in advance through the PAT and PMT analysis are set 
in the PID filter 502 such that only image information 
packets will be selected. This setting suppresses the 
processing for voice and additional information packets, 
thus avoiding unwanted processing, as well as prevents 
incorrect extraction. On the data in the picture packets 
that have been identified so through judgment by packet ID, 
start code and end code detection is performed. 

According to the MPEG method, all picture data is 
transmitted in units of so-called sequences as shown in FIG. 
6 (a) . A sequence comprises a sequence header and some GOPs 
(Groups Of Pictures) that follow the header as shown in FIG. 
6 (b). The sequence header contains the information 
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required for restoring a picture, such as resolution of 
picture data, frame rate, etc. The GOPs are units of picture 
data compression processing and a GOP usually comprises a 
plurality of picture data frames and contains at least one 
intra-frame coded picture. 

As shown in FIG. 6 (c) , a GOP begins with a GOP header 
and its main part comprises an intra-frame coded picture 
following the header and several picture data. At the 
beginning of each frame of picture data contained in the GOP, 
an identification code called Picture Coding Type (PCT) 
precedes each picture data to identify what kind of 
structure of each picture data. 

Specifically, as shown in FIG. 6 (d), a picture frame 
includes Picture Start Code (PSC) to indicate a picture 
start position. Temporal^ Reference (TR) to indicate order 
in which the picture is displayed and the PCT that follows 
the TR. The PSC contains a value of 32 bits corresponding 
to a hexadecimal value of "00000100." The TR contains a 
value of 10 bits to indicate that the picture shall be 
displayed in the n-th order among the GOP. The PCT contains 
a value of 3 bits to represent, for instance, "1" that 
corresponds to intra-frame coded picture (I picture), "2" 
that corresponds to predictive coded picture (P picture), 
and "3" that corresponds to bidirectionally predictive 
coded picture (B picture) . 
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To extract intra-frame coded picture data, detecting 
the start and end of intra-frame coded picture data is 
necessary. For this purpose, the picture extraction circuit 
103 includes the start code detection circuit 503 and the 
end code detection circuit 504 to detect the start and end 
of intra-frame coded picture data. 

The start code detection circuit 503 is a circuit to 
detect a start code of an intra-frame coded picture and sees 
whether a start code of an intra-frame coded picture exists 
in the input packets. At the beginning, any intra-frame 
coded picture data includes picture start code, and 
subsequent temporal reference and picture coding type. 
Thus, the start code detection circuit 503 shall detect a 
picture start code and check the subsequent picture coding 
type to see whether it is "1" corresponding to intra-frame 
coded picture, but ignoring the temporal reference because 
the temporal reference does not directly relate to the 
detection. Each time a packet is input, the start code 
detection circuit 503 attempts to detect this start pattern 
and sends the result of detection to the microprocessor 105. 

On the other hand, the end code detection circuit 504 
is a circuit to detect the end of intra-frame coded picture 
data. However, because there is no particular pattern 
indicating the end of intra-frame coded picture data, this 
circuit 504 attempts to detect a picture start code or a 
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*sequence or GOP start code that follows intra- frame coded 
picture data to determine whether the intra- frame coded 
picture data terminates. Specifically, this circuit 504 
determines whether the following picture packet includes 
the "00000100" picture start code or whether the following 
packet includes the "00000100" sequence start code or 
"000001B5" GOP start code and sends the result to the 
microprocessor 105 . 

Internal processing operation of the picture 
extraction circuit 103 will be explained below, 

FIG. 7 is a flowchart for explaining the internal 
processing operation of the control circuit 505. When the 
microprocessor 105 requests the control circuit 505 to start 
picture data extraction, the control circuit 505 starts 
picture data extraction processing (SI). First, it resets 
the current address in the storage for writing packets (S2) 
and allows packet input (S3). Because the address for 
writing has been reset in the storage, the input packets are 
stored into the storage from its foremost location. When 
packet input has been completed, the control circuit 505 
determines whether a start code exists in the input packets, 
according to the result of detection executed by the start 
code detection circuit 503 (S4). 

If no start code is included in the packets, the 
control circuit 505 judges that intra-frame coded picture 
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*data has not been delivered to the storage and resets again 
the address pointer (S2) • In this way, the input packet data 
is repeatedly overwritten into the foremost location in the 
storage until intra-frame coded picture data has been 
delivered to the storage. 

If a start code has been detected, which indicates 
that intra-frame coded picture data has been delivered to 
the storage, the control circuit 505 increments the address 
pointer (S5) and prepares for receiving the next block of 
packets. Then, the packets containing intra-frame coded 
picture data have been stored into the storage. 

Furthermore, the control circuit 505 allows the next 
packet input (S6). At this time, the end code detection 
circuit 504 determines whether the input packets include an 
end code. Each time a packet is input, the control circuit 
refers to the result of detection executed by the end code 
detection circuit 504 to see whether an end code has been 
detected {S7) . 

If no end code has been detected, the control circuit 
505 judges that intra-frame coded picture data packets are 
continuously delivered and increments the address for 
writing (S5), and continues to allow packet input {S6). In 
this way, successive packets are sequentially stored into 
the storage as long as the delivery of intra-frame coded 
picture data packets continues. 
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If an end code has been detected, the control circuit 
505 notifies the microprocessor 105 that picture extraction 
has terminated through the I/O port 506 (S8) and completes 
processing sequence (S9). 

By the above processing, picture packets containing 
intra -frame -coded picture data are extracted in the storage 
507 . The extracted intra-f rame-coded picture data is output 
through the output port 508 to the RAM 104 • 

In the above description, the picture extraction 
circuit 103 includes a separate control circuit 505, which 
is, however, not limited to this configuration; otherwise, 
for example, the microprocessor 105 may control picture data 
extraction instead. 

The storage 507 in the picture extraction circuit 103 
is not always provided as separate storage; otherwise, for 
example, part of the storage used for the recording signal 
processing circuit 107 may be used to store extracted 
picture data. 

Next, generating trick-play data will be explained 
below. The RAM 104 stores the intra-f rame coded picture data 
extracted by the picture extraction circuit 103 and 
modification to the intra- frame coded picture data 
structure is performed by the microprocessor 105, thus 
reducing the data quantity. 
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First, the structure of intra-frame coded picture 
data will be briefly explained. Digital picture compression 
according to the MPEG method cuts high-band spatial 
frequencies to compress intra-frame coded pictures, A 
picture compression device first divides picture 
information in one frame into sub-blocks with eight pixels 
in the vertical direction by eight pixels in the horizontal 
direction. The picture compression device executes 
Discrete Cosine Transform (DCT) for the pixel data in a 
sub-block, whereby the picture data is transformed into 
spatial frequency information with eight frequency 
components in the vertical direction by eight frequency 
components in the horizontal direction. 

Then, the picture compression device quantizes the 
spatial frequency information, according to a predetermined 
quantization table, and thus obtain alternating current 
(AC) components and arrange them in order from lower 
frequency to higher. Specifically, the AC components can 
be arranged in order as shown in FIG. 8. Because natural 
pictures generally tend to have less high frequency 
components, most of the high-band components, which are the 
AC components arranged in the rear part of the array, tend 
to have a value of 0. Moreover, because the cut of high-band 
components little affects visualization, coarser 
quantization such that a value less than a predetermined 
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Value is regarded as being 0 can be applied. Data quantity 
is reduced by arranging only effective data in the front part 
of the array of AC components and cutting the data in the 
rear part of the array. 

The thus created parameters of AC components are 
combined with the direct current (DC) components in the 
sub-block, which do not have frequency components, into 
picture data of the sub -block. Although a maximum 64 AC 
components exist, high-band components are almost 0 as 
described above, and consequently necessary low-band 
components are solely described and a end of block (EOB) is 
appended to the last parameter, indicating that the 
remaining high-band components do no exist. These 
parameters and the end of block are coded with variable- 
length codes in bits. By executing the above transformation 
and processing for all sub-blocks in the frame, compressed 
intra- frame coded picture data is generated. 

Next, the operation of data quantity reduction will 
be explained below. 

FIG. 9 shows the structure of data in a sub-block. 
Reference numeral 901 is a DC component; 902; is an AC 
component; and 903 is a end of block. All sub -blocks of an 
intra-frame coded picture data frame extracted by the 
picture extraction circuit 103 have the data structure as 
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'shown in FIG. 9 (a), where n is an integer not greater than 
64. 

To reduce data quantity, some of AC components of the 
data in a sub-block are cut. As shown in FIG. 9 (b) , 
specifically, AC components of the sub -block are limited to 
a predetermined number of effective AC components and those 
more than the predetermined number are cut. Thus, data 
quantity is reduced by cutting the AC components with 
high-band frequency information. FIG. 9 (b) shows a case 
where the number of AC components is reduced to n = 3. Of 
course, this number may be set variable by taking data 
quantity and picture quality into consideration. Even if 
data quantity is largely reduced as in this case, the 
essential quantity of the picture reproduced by trick-play 
does not deteriorate. From the picture compression data 
subjected to such data reduction, the picture can be 
reproduced by using a conventional decoder. By thus cutting 
some AC components in all sub-blocks of a frame, the whole 
data quantity of an intra- frame coded picture is reduced. 

Intra- frame coded picture data whose quantity has 
thus been reduced is restructured into packets and sent to 
the data disposition circuit 106. Because of the reduced 
data quantity of intra-frame coded pictures, the effective 
number of pages of pictures to be reproduced by trick-play 
increases to an extent that depends on the cut data quantity. 
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'Consequently, rapid picture update on the screen can be 
performed even during trick-play operation • 

To allow the VTR to perform the prompt replay of 
reproduced pictures in trick-play mode, in addition to the 
packets of the reduced intra-frame coded picture data, the 
Program Association Table (PAT) and the Program Map Table 
(PMT) are simultaneously stored into the trick-play data 
area. The contents of the PMT must be modified because 
trick-play data does not include voice data and broadcast 
program information. 

Moreover, a Program Clock Reference (PGR) packet is 
added to each picture trick-play data as time infonnation 
in the beginning part of the data. This 33 -bit packet serves 
as the reference for generating a decoder operating clock. 
The magnetic tape run speed in trick-play mode is faster than 
that in normal replay mode. Consequently, picture 
trick-play data is reproduced faster than the data for a 
normal replay, and therefore the former data shall be 
recorded, based on the time information of lower rate time 
steps. If, for example, data for a 12-fold speed trick- 
play is recorded in locations on track T, the PCR shall 
contain time information stepped by dividing the time taken 
for the scan for normal replay to reach track T by 12, 

In the beginning part of each picture data for a 
trick-play, besides, a Decoding Time Stamp (DTS) to specify 



-26- 



*the start of decoding the picture data and a Presentation 
Time Stamp (PTS) to specify the time at which the picture 
is displayed are added to the data. These time information 
shall also be set in lower rate time steps of time change 
suitable for trick-play speed as in the same manner as for 
PGR. 

The data disposition circuit 106 disposes the input 
packets and the packets for a trick-play in position. 
Trick-play data shall be recorded on the magnetic tape in 
locations in the course of scanning of the rotary magnetic 
head during trick-play operation. 

Next, the structure of a track on the magnetic tape 
will be explained below . 

FIG. 10 shows the structure of one track. Reference 
numerals 1001 and 1009 are the margins at both ends of tape; 

1002 is the preamble of sub-code; 1003 is sub-code recording 
area; 1004 is the postamble of sub-code; 1005 is a gap; 1006 
is the preamble of main data; 1007 is main data recording 
area; and 1008 is the postamble of main data. 

All tracks have the sub-code recording area 1003 as 
well as the main data recording area 1007 - The sub-code area 

1003 is used to record recording format information, 
broadcast program information, and others. The preambles 
1002 and 1006 respectively precede the sub-code and main 
data recording areas and the postambles 1004 and 1008 
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respectively follow these areas. Between the sub-code area 
1003 and the main data area 1007, the gap 1005 is provided 
so that each area can be rewritten independently. 

FIG. 11 shows the structure of a sync block in the main 
data area. Reference numeral 1101 is a sync byte; 1102 is 
IDO; 1103 is IDl; 1104 is ID parity; 1105 is main data; and 
1106 is inner parity. The main data recording area 1007 
comprises 336 sync blocks. Each sync block comprises a 
two-byte sync byte 1101, IDO (1102) and IDl (1103), each of 
which is one byte, one-byte ID parity 1104, 99 -byte data area 
1105, and eight-byte inner parity (CI parity) 1106, arranged 
in this order from the beginning of the block. 

The sync byte 1101 is to represent the boundary 
between blocks and ID 0 and ID 1 make it possible to locate 
the sync block. By checking the ID parity 1104, whether 
these IDs are valid can be determined. Because the sync byte 
1101 and the IDs (1102 and 1103) are written into each sync 
block, the data in the sync block can be reproduced properly, 
even for a case where the rotary magnetic head scans across 
a plurality of tracks to reproduce the trick-play data. 

The main data 1105 is area into which packet data is 
recorded. The eight -byte inner parity 1106 is added to each 
main data so as to be used for error correction to be executed 
such that correct data can be obtained in the event of an 
error occurring during replay operation. 
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FIG. 12 shows the detail of main data 1105 of a sync 
block. Reference numeral 1201 is a main header; 1202 is 
auxiliary data; 1203 is a packet header; and 1204 is a 
packet. As shown in FIG. 12, a 188-byte MPEG packet is 
recorded by dividing it into two sync blocks . The main data 
1105 in a sync block has 99-byte recording area, first two 
bytes of which constitute the main header 1201 that 
indicates the contents of the sync block. This area also 
includes one-byte auxiliary data recording area 1202. 
Besides, four-byte time information 1203 is added to the 
MPEG packet and a total of 192 -byte packet data is divided 
into two sync blocks . 

The main header 1201 specifies the type of the data 
recorded in the packet. For example, the main header 1201 
may be set to 0 for normal replay data, 2 for trick-play data, 
and 1 for a packet containing no records. Besides, a code 
to indicate either the first or second half of data contained 
in the packet and information on that the packet is used for 
a trick-play whose speed is what times as fast as normal 
speed are recorded in the main header 1201. 

By the way, during trick-play mode, the rotary 
magnetic head 111 scans across a plurality of tracks on the 
magnetic tape 108 as shown in FIG. 4. 

To data for a normal replay, besides the inner parity 
(CI parity), outer parity (C2 parity) is added to each sync 
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block, assuring that error correction can be executed even 
in the event of failure of error correction per sync block 
or sync block allocation. 

During trick-play mode, it is also necessary to 
enhance error correction potential by using such outer 
parity. Because normal outer parity, however, cannot be 
applied to data to be reproduced in trick-play mode, special 
parity for trick-play data is added. Specifically, 10 
external parties are added to 102 -word sync blocks as shown 
in FIG. 13. Thus structured 112 sync blocks for trick-play 
operation are disposed in locations 404 that the rotary 
magnetic head scans in trick-play mode. 

FIG. 14 shows the data locations that the rotary 
magnetic head scans in 12-fold speed replay mode. Reference 
numeral 1401 represents data to be reproduced in 12 -fold 
speed replay mode. Because VTRs usually perform azimuth 
recording, data is reproduced in 24-track cycles in 12-fold 
speed replay mode when taking both positive and negative 
azimuth heads into consideration. To reproduce data during 
trick-play mode, it is necessary to dispose data in advance 
in these locations that the rotary magnetic head scans. 

Because trick-play data comprises 112 sync blocks 
shown in FIG. 13, the sync blocks are divided into sets 
comprising 14 blocks and each set of 14 blocks is disposed 
in each field 1401. When necessary, recording the 
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* trick-play data may be repeated, allowing for track curving 
or tracking deviation attributed to an individual VTR. 

On the other hand, normal recording data is recorded 
in locations other than the recording locations 1401 for 
trick-play data. Through the above processing, the 
trick-play data can be embedded in position. 

Next, the VTR executes recording signal processing to 
record data on the magnetic tape. 

FIG. 15 shows the format of recording signal data. 
Sync block's main data 1105, each of which is 99 bytes, is 
assembled into 306 -word main data that is the data to fill 
one track. The 306 -word main data is divided into three 
parts, to each of which 10-byte outer parity (C2 parity) is 
added. Thus, a total of 30 -word outer parity is generated 
and recorded in sync blocks of numbers from 306 to 335. To 
each sync block's data, 8-word inner parity {CI parity) is 
added . 

To each sync block, furthermore, the sync byte 1101, 
IDO (1102) and IDl (1103), and the ID parity 1104 are added, 
as shown in FIG. 11. After subjected to given demodulation 
processing, each sync block is supplied to the rotary 
magnetic head 110. The rotary magnetic head 110 records the 
signals that have been input to it from the recording signal 
processing circuit 107 on the magnetic tape 108. 
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In the procedure described above, the signals 
initially input from the interface connector 101 are 
processed as data, intra- frame compressed picture data, 
after subjected to data reduction, is formatted into data, 
and the data can eventually disposed in recording position 
and recorded in position. 

Next, replay operation will be explained below. 

When a replay is requested, a replay start command is 
input to the microprocessor 105 from a switch (not shown) 
or a remote controller (not shown). Alternatively, the 
replay start command is input through the interface 102 from 
an external device. In response to the replay start command, 
the microprocessor 105 requests the serve control circuit 
112 to start replay operation. The servo control circuit 
112 allows the capstan 113 to rotate, and the magnetic tape 
108 starts to run. At the same time, the servo control 
circuit 112 allows the rotary drum 109 to run. Then, the 
rotary magnetic head 110 on the drum reproduces the signals 
out of the magnetic tape 108. 

The microprocessor 105 sets the reproductive signal 
processing circuit 111 in a specific mode and allows the 
circuit 111 to execute reproduction processing for the 
reproductive signals from the rotary magnetic head 110. The 
reproductive signal processing circuit 111 performs given 
demodulation processing for the reproduced signals from the 
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*rotary magnetic head 110, converts them into digital data, 
executes block address detection by ID, and executes error 
correction by using the inner parity (CI parity) and the 
outer parity (C2 parity) . 

The microprocessor 105 refers to the main header 1201 
of the reproduced data of each sync block and allows the 
circuit 111 to output only the data for a normal replay. 
Consequently, the circuit 111 does not output the data 
recorded for a trick-play and sync blocks in which nothing 
has been recorded* The circuit 111 reproduces 188 -byte MPEG 
packets 1204 from the data for a normal replay written in 
sync blocks and outputs the MPEG packets to the interface 
circuit 102 at predetermined timings based on the time 
information written in the sync blocks. 

The microprocessor 105 determines whether the packet 
data has been reproduced properly, according to information 
such as the error count of the reproduced blocks. If the 
packet data has been reproduced properly, the 
microprocessor 105 commands the reproductive signal 
processing circuit 111 to output the packet data to the 
interface circuit 102 . In compliance with instructions from 
the microprocessor, the interface circuit 102 outputs the 
reproduced packets through the connector 101 to the external 
device . 
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Next, rapid reply mode operation will be explained 
below. 

When a trick-play is requested, similarly, a 
trick-play start command is input to the microprocessor 105 
from a switch (not shown), a remote controller (not shown) 
or the interface. In response to the trick-play start 
command, the microprocessor 105 requests the serve control 
circuit 112 to start trick-play operation. The servo 
control circuit 112 allows the capstan 113 to rotate faster 
than the rotation speed in normal replay mode, and the 
magnetic tape 108 starts to run at a higher rate in 
trick -play mode. At the same time, the servo control circuit 
112 allows the rotary drum 109 to run. Then, the rotary 
magnetic head on the drum reproduces the signals out of the 
magnetic tape. 

The microprocessor 105 sets the reproductive signal 
processing circuit 111 in trick-play mode and allows the 
circuit 111 to execute reproduction processing for the 
reproduced signals from the rotary magnetic head 110. The 
reproductive signal processing circuit 111 performs given 
demodulation processing for the reproduced signals from the 
rotary magnetic head 110, converts them into digital data, 
executes sync block ID detection, executes error correction 
by using the inner parity (CI parity), and reproduces the 
data written in sync blocks . 
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The microprocessor 105 refers to the main header 1201 
in each sync block and determines whether the reproduced 
data in the sync blocks is the trick-play data. The data 
for a normal replay and sync blocks that contain no data are 
discarded because they are not required for trick-play 
operation. 

The data in sync blocks used for a trick-play is 
recorded in locations marked 1401 in FIG. 14. However, there 
is a possibility that the locations falls out of the course 
of scanning of the rotary magnetic head 110 due to their 
positions of tracking. Thus, the microprocessor 105 
receives the track numbers and sync block numbers of the 
reproduced sync blocks from the reproductive signal 
processing circuit 111, checks for tracking deviation, and 
controls the servo control circuit 112 so that the data in 
locations 1401 will be reproduced properly. 

After the data in locations 1401 is reproduced 
properly through tracking control, the reproductive signal 
processing circuit 112 executes error correction by using 
the inner parity (CI parity) included in the trick-play data 
and prepares the trick-play data. The trick-play data is 
then output through the interface circuit 102 and the 
connector 101 to the external device. 

Although the above description explained the VTR that 
executes digital signal reception, recording, and replay as 
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'an example of embodying the invention, the invention is not 
limited to such embodiment . The invention is also effective 
for such a kind of VTR that receives analog picture signals, 
converts them into digital form, and executes picture data 
recording. 

FIG. 16 shows an example of the VTR that receives 
analog picture signals, converts them into digital form, and 
executes picture data recording. Reference numeral 1601 is 
a picture signal input port at which analog picture signals 
are input; 1602 is an encoder to encode analog picture 
signals into digital compressed picture signals; 1603 is a 
decoder to decode digital compressed picture signals into 
analog picture signals; 1604 is an picture signal output 
port from which analog picture signals are output. The 
components with reference numbers 103 through 11 correspond 
to those in FIG. 1. 

When the VTR shown in FIG. 16 operates to perform 
recording, the encoder 1602 encodes analog picture signals 
that have been input to it through the input port 1601 into 
digital compressed signals. The thus encoded digital 
compressed picture signals are equivalent to the picture 
signal packets that are input to the VTR shown in FIG. 1 
through the interface connector 101. 

The digital compressed picture signals compressed by 
the encoder are supplied to the picture extraction circuit 
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'104 and the data disposition circuit 106. Subsequent 
processing is the same as for the VTR shown in FIG. 1; 
intra- frame coded picture data is extracted from the digital 
compressed picture signals; the data, after reduced, is 
disposed in place in sync blocks and recorded on the magnetic 
tape. 

Replay processing is also performed in the same way 
as for the VTR shown in FIG. 1. Reproduced packets output 
from the reproductive signal processing circuit 111 are 
decoded into analog picture signals by the decoder 1603 and 
output from the output port 1604. In this way, the invention 
can also be implemented to provide the kind of VTR that 
receives analog picture signals, converts them into digital 
form and executes picture data recording. 

In the above description of the embodiment of the 
invention, a case where the VTR reproduces the data for 
12 -fold speed replays was solely explained. Not limited to 
this, t^ie application of the method of recording the data 
that has been reduced beforehand can be implemented for any 
speed at which a trick-play is achieved. Obviously, this 
method can be implemented for VTRs operable for trick-plays 
at a plurality of replay speeds . 

By way of example, a VTR operable for trick-plays at 
two replay speeds will be explained below. 
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FIG. 17 shows the block diagram of a VTR operable for 
trick-plays at two replay speeds. Reference numeral 101 is 
an input port; 102 is an interface; 1701 is a data 
disposition circuit; 1702 is storage unit; 1703 is main data 
area in the storage 1702; 1704 is an intra-frame coded 
picture extract circuit; 1705 and 1706 are intra-frame coded 
picture store areas in the storage 1702; 105 is a 
microprocessor; 1709, 1710, and 1711 are trick-play data 
areas in the storage 1702; 1712 is a trick-play data 
disposition circuit; 1713 is a error correction code adding 
circuit; and 1714 is a recording signal processing circuit. 

FIG. 18 shows the patterns of recording data for 
trick-plays in 4 -fold speed and 12 -fold speed modes. 
Reference numeral 1801 is the trace of the rotary magnetic 
head scanning in 4 -fold speed replay mode; 1802 is the trace 
of the rotary magnetic head scanning in 12 -fold speed replay 
mode; 1803 is a 4 -fold speed replay data recording field; 
and 1804 is a 12-fold speed replay data recording field. 

Data as much as 112 sub -blocks is reproduced per full 
rotation of the rotary drum in both 12-fold and 4-fold speed 
replay modes. When recording data, the data as much as 112 
sub-blocks is distributed among 24 tracks and recorded for 
the 12-fold speed and among 8 tracks for the 4-fold speed. 
Therefore, the capacity of each 4 -fold speed replay data 
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' recording field is three times that of each 12-fold speed 
replay data recording field. 

Operation of disposing and recording raid replay data 
for two replay speeds will be explained below. After packets 
that have been input through the connector 101 are converted 
into parallel data by the interface 102, the data 
disposition circuit 1701 writes the packets into the main 
data area of the storage. The packets are written into 
locations other than the 4 -fold speed replay data recording 
fields 1803 and the 12-fold speed replay data recording 
fields 1804. 

The intra- frame coded picture extract circuit 1704 
always monitors the packets written into the storage 1703, 
awaiting the writing of an intra-frame coded picture. 
Detection of an intra-frame coded picture is performed by 
detecting a given start pattern as described in the 
preceding embodiment example. When detecting the writing 
of an intra-frame coded picture, the intra-frame coded 
picture extract circuit 1704 copies the detected intra- 
frame compressed picture from the main data area to the 
intra-frame coded picture store area (a) 1705. This 
configuration includes two intra-frame coded picture store 
areas such that the microcomputer is acting upon one area 
while data can be rewritten into the other area. 
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On completing the extraction of an intra- frame coded 
picture, the intra-frame coded picture extract circuit 1704 
reports the completion of intra-frame coded picture 
extraction to the microprocessor 105, Upon the reception 
of the report of the completion of intra-frame coded picture 
extraction, the microprocessor 105 proceeds to the 
operation of data reduction of the extracted intra-frame 
coded picture. 

The microprocessor 105 first notifies the intra-frame 
coded picture extract circuit 1704 that it is going to use 
the intra-frame coded picture store area (a) 1705. In 
effect, the microprocessor 105 inhibits the intra-frame 
coded picture extract circuit 1704 from using the intra- 
frame coded picture store area (a) 1705 and forces the 
circuit 1704 to use the intra-frame coded picture store area 
(b) 1706. 

Then, the microprocessor 105 commands the intra-frame 
coded picture extract circuit 1704 to start to extract 
another intra-frame coded picture. This assures that an 
incoming intra-frame coded picture is stored without being 
missed while the microprocessor 105 executes the operation 
of data reduction for the extracted intra-frame coded 
picture. Next time the intra-frame coded picture extract 
circuit 1704 detects an intra-frame coded picture, it copies 
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the picture to the intra-frame coded picture store area (b) 
1706. 

The microprocessor 105 executes data reduction for 
the intra-frame coded picture that has been stored into the 
intra-frame coded picture store area (a) 1705. 
Specifically, the microprocessor 105 reads the data from the 
intra-frame coded picture store area (a) 1705 and cuts the 
DCT- transformed high-band spatial frequency components, 
thus reducing the data quantity, in the same manner as 
explained for the embodiment shown in FIG. 1, The 
microprocessor 105 writes the intra-frame coded picture 
data whose quantity has been reduced into the trick-play 
data area (a) 1709. 

This configuration includes three trick-play data 
areas 1709, 1710, and 1711, enabling the simultaneous 
execution of three operations: disposing 4-fold speed 
replay data, disposing 12 -fold speed replay data, and 
writing from the microcomputer. Each trick-play data is 
disposed such that 112 sub-blocks of data can be reproduced 
per full rotation of the rotary drum during a trick-play. 

In the trace of the rotary magnetic head scanning in 
12-fold speed replay mode, marked 1802 in FIG. 18, the data 
in eight trick-play data fields 1804 is reproduced per full 
rotation of the rotary drum. Thus, 14 sub-blocks of data 
shall be recorded in each trick-play data field 1804. In 
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the trace of the rotary magnetic head scanning in 4 -fold 
speed replay mode 1801, on the other hand, the data in two 
trick-play data fields 1803 is reproduced per full rotation 
of the rotary drum. Thus, 52 sub-blocks of data must be 
recorded in each trick-play data field 1803. 

The data recording capacity of each 4 -fold speed 
replay data recording field 1803 is three times that of each 
12-fold speed replay data recording field 1804. Thus, data 
recording should be executed such that the quantity of data 
to be disposed in each 4 -fold speed replay data recording 
field 1803 will be three times that to be disposed in each 
12-fold speed replay data recording field 1804. 

FIG. 19 shows timings of access to the trick-play data 
areas; where a represents the access to the trick-play data 
area (a) 1709, b represents the access to the trick-play data 
area (b) 1710, and c represents the access to the trick- 
play data area (c) 1711. 

At time TO, the microprocessor 105 first writes an 
intra-f rame compressed picture data whose quantity has been 
reduced into the trick-play data area (a) 1709 . When writing 
the picture data is completed (Tl), the trick-play data 
disposition circuit 1712 reads the data from the trick-play 
data area (a) 1709 to dispose both 4-fold speed replay data 
and 12-fold speed replay data of the picture. While the 
trick-play data disposition circuit 1712 executes data 
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disposition, the microprocessor 105 writes the next 
intra-frame compressed picture data into the trick-play 
data area (b) 1710 that is not being accessed by the circuit 
1712. 

Time taken for the trick-play data disposition 
circuit 1712 to complete disposing 4- fold speed replay data 
is one- third the time to complete disposing 12 -fold speed 
replay data. Upon the completion of disposing all data from 
the trick-play data area (a) 1709 as the 4-fold speed replay 
data (T2), the trick-play data disposition circuit 1712 
starts to read new data from the trick-play data area (b) 
and dispose it in predetermined locations. At this time, 
the trick-play data disposition circuit 1712 has not yet 
completed disposing the 12 -fold speed replay data of the 
picture and continues to read the data from the trick-play 
data area (a) 1709 to dispose it as the 12-fold speed replay 
data. 

Then, the microprocessor 105 writes another intra- 
frame compressed data into the trick-play data area (c) 
1711. This is because the trick-play data area (a) 1709 is 
being accessed for disposing 12 -fold speed replay data and 
the trick-play data area (b) 1710 is being accessed for 
disposing 4- fold speed replay data. In this way, data 
writing from the microprocessor 105 is performed to the area 
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not being accessed for disposing both 4 -fold speed and 
12 -fold speed replay data. 

Upon the completion of disposing the 12 -fold speed 
replay data of the picture {T3), the trick-play data 
disposition circuit 1712 reuses the data that is currently 
used as the 4- fold speed replay data of the next picture as 
the 12 -fold speed replay data of the next picture. At time 
T3, specifically, the trick-play data disposition circuit 

1712 accesses the trick-play data area (b) 1710 and reads 
the data written into this area, the data was once read and 
disposed as the 4 -fold speed replay data, to dispose the 
12 -fold speed replay data. 

To the trick-play data disposed on the main data area 
1703 by the trick-play data disposition circuit 1712, the 
error correction code adding circuit 1713 adds the error 
correction code shown in FIG. 13. In addition, the circuit 

1713 adds double error correction codes shown in FIG. 15 to 
all data to which trick-play data is added in the main data 
area. After demodulated through the recording signal 
processing circuit 1714, the main data is recorded on 
magnetic tape by the rotary magnetic head (not shown) . These 
processing actions are the same as for the VTR shown in FIG. 
1. 

By the processing described above, trick-play data 
can be disposed in predetermined locations and recorded so 
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' as to be suitable for being reproduced at two different 
replay speeds. Although the above description explains the 
VTR operable for 4 -fold and 12 -fold speed replays as an 
example, the invention can be embodied, not limited to this. 
The invention makes it possible to record data for 
trick-plays in locations suitable for being reproduced at 
any number of replay speeds. 

Next, the method of recording compressed picture data 
on magnetic tape, enabling rapid picture replays in both 
fast forward and rewind modes will be explained below. 

Trick-plays are performed in either fast forward mode 
or rewind mode and it is desirable that pictures can be 
reproduced in both modes . Because the magnetic tape run 
direction for fast forward is opposite to that for rewind, 
the data locations on magnetic tape that the rotary magnetic 
head scans in fast forward mode differs from those in rewind 
mode . 

FIG. 20 shows the traces of the rotary magnetic head 
in fast forward and rewind modes. 

In FIG. 20: reference numeral 2001 is the trace of the 
rotary magnetic head scanning in fast forward mode; 2003 is 
the trace of the rotary magnetic head scanning in rewind 
mode; 2002 is picture data to be reproduced in fast forward 
mode; and 2004 is picture data to be reproduced in rewind 
mode . 
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When fast forward is performed, the magnetic tape runs 
fast in the forward direction and the trace of the rotary 
magnetic head is as indicated by the solid lines 2001. When 
rewind is performed, the magnetic tape runs in the opposite 
direction to the direction in which the tape runs for a 
replay and the trace of the rotary magnetic head is as 
indicated by the dotted lines 2003. 

To enable reproducing pictures in both fast forward 
and rewind modes, it is necessary to record picture data in 
locations 2002 and 2004. Because the locations on magnetic 
tape that the rotary magnetic head scans in fast forward mode 
differs those in rewind mode, the fast forward trick-play 
data and the rewind trick-play data must be recorded 
separately. 

Moreover, the sequence of reproducing data in rewind 
mode is reverse, but the data must be output in normal order 
to reproduce pictures . Although a method of rearranging the 
sequence of data reproduced during rewind before outputting 
the data may be used, reproductive signal processing is 
complex in this method. Thus, it is desirable to record data 
for rewind and replay while rearranging the data sequence 
in advance. 

FIG. 21 shows data structures of recording data. 
In FIG. 21: reference numeral 2101 is PAT; 2102 is PMT: 
2103 is PGR; 2104 is picture data; and 2105 is dummy data. 
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Packets of picture data generated through data 
reduction processing of the microprocessor 105 are stored 
into RAM 104. PAT, PMT, and PGR packets head each picture 
data such that the picture data can be promptly reproduced 
during a replay. This assures that, whenever picture data 
in any location is reproduced, its PID can be detected, 
according to PAT and PMT, and picture data can be decoded. 
Recording PGR as well assures that the decoder can be 
notified of accurate time information. 

The trick-play data is recorded in units of data that 
can be reproduced by trick-play per full rotation of the 
rotary magnetic head. Specifically, as shown in FIG. 13, 
102 blocks of data are put together, error correction code 
is added, and disposed on magnetic tape. 

However, the size of picture data generated through 
data reduction processing of the microprocessor 105 
including PAT, PMT, and PGR does not always meet a multiple 
of 102 blocks. Remaining blocks after the picture data is 
divided into units of 102 blocks shall contain nothing. 

Although following picture data can be put in these 
remaining blocks, the remaining blocks should remain as is 
because rewind trick-play data is recorded in sequence 
reverse to the sequence of fast forward trick-play data and 
recorded picture data is also reproduced in reverse order 
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in rewind trick-play mode, which may result in trouble in 
smooth trick-play operation. 

In remaining blocks, a dummy block flag is set to 
indicate that the block contains no data or values not 
affecting the trick-play operation (e.g., all Os) are 
recorded as data. Alternatively, the remaining blocks are 
padded, for example, by recording packets with the PID of 
a hexadecimal value of IFFF indicating a dummy packet in the 
blocks . 

The data disposition circuit 106 disposes the 
above-mentioned packets stored into the RAM 104 in block 
locations falling in line with the trace of the rotary 
magnetic head in fast forward trick-play mode and block 
locations falling in line with the trace in rewind 
trick-play mode. 

FIG. 22 shows relation between the data locations for 
fast forward and the data locations for rewind. 

In FIG. 22: reference numeral 2200 is the trace of the 
rotary magnetic head in fast forward mode; 2201 is the trace 
of the rotary magnetic head in rewind mode; 2202 is picture 
data that has been displaced; 2203 though 2214 are picture 
data that are being read to be displaced; and 2215 is 
following picture data. 

The picture data comprising data 2203 through 2214 
corresponds to the picture data shown in FIG. 21. Data 2203 
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includes above-mentioned PAT, PMT, and PGR data. The last 
data 2214 includes dummy blocks. If, however, the generated 
packet data size is a multiple of 102, the data 2213 does 
not include dummy blocks. 10-word error correction code is 
added per 102 blocks. 

In fast forward mode, magnetic tape runs fast in the 
same direction as the direction in which data is recorded. 
Thus, fast forward replay data shall simply be disposed and 
recorded in order from the first data 2201 of the picture 
data packet up to 2212. 

In rewind mode, on the other hand, the magnetic tape 
runs in the opposite direction to the direction in which data 
is recorded. To allow picture data to be reproduced in 
normal sequence, displace and record the picture data in 
reverse order from data 2212 to 2201. 

Even if some blocks of data 2212 remains blank when 
data is generated, the blocks are filled with dummy data 
instead of recording subsequent data 2213 there as noted 
above. This is because the data 2213 must be reproduced, 
preceding the data 2201 when a rewind and replay is 
performed. 

By the processing described above, the data, as shown 
in FIG. 21, can be displaced so as to be reproduced 
appropriately in either fast forward or rewind mode and the 
data will be reproduced properly without reversing the 
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sequence of reproducing data even when a rewind trick-play 
is performed. 

By the way, the sequence of reproducing the pictures 
in rewind mode is reverse to that in fast forward mode. As 
a result, the time of displaying each of the pictures in 
rewind mode differs from that is fast forward mode. Thus, 
it is necessary to set and record time information added to 
each picture, according to the replay time suitable for each 
mode. This time information means PGR, PTS, and DTS. 

It is possible to store picture data for fast forward 
and picture data for rewind into different areas in the 
storage and rewrite only the time information, but this 
wastes storage space and requires additional processing 
time. Same picture data can be used as picture data for fast 
forward and picture data for rewind, but only the time 
information differs, so it is satisfactory to rewrite only 
the data portion in which time information is stored. 

Because the data for fast forward is disposed in order 
from 2202, the 2202 block including time information is 
first read and disposed among the picture data from 2202 to 
2213. On the other hand, the data for rewind is disposed 
in reverse order from 2212, and consequently the 2201 block 
including packets into which time information is stored is 
disposed last of all. 
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Therefore, after the data in the 2201 block including 
time information is used for disposing the data for fast 
forward, time passes as the tape moves by several tens of 
tracks before the same data is used for disposing the data 
for rewind. The time information can be updated, not 
requiring wasteful storage space, in such a manner that it 
is first stored in the storage as the time information for 
fast forward and replay use and then replaced with the time 
information for rewind use after the 2201 data disposition 
is completed. 

The time information for fast forward increases in 
proportion to the number of tracks T by which the tape moves 
from the recording location of the time information included 
in the preceding picture data 2202 to the recording location 
of the time information included in the 2203 block. The time 
information on, for example, picture data for a 12-fold 
speed replay should increase by time that passes as the tape 
moves by T/12 tracks. On the other hand, the time 
information included in the picture data for rewind should 
decrease by time that passes as the tape moves by T/12 
tracks . 

By the processing described above, the time 
information on the picture data to suit both fast forward 
and rewind operations can be recorded properly. Of course, 
the data can be disposed to suit both fast forward and rewind 
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operations, according to the track patterns suitable for 
being reproduced at two different trick-play speeds 
described above. 

The above recording apparatus and a recording medium 
on which picture data has been recorded by the recording 
apparatus have the advantage that picture data is reduced 
in advance and recorded separately for a trick-play, and 
consequently the number of picture pages to be reproduced 
during the trick-play increases, enabling rapid display 
update on screen. Because picture data reduction processing 
is executed through program processing of an 
microprocessor, the size of circuit configuration can be 
greatly reduced as compared with a configuration including 
only signal processing circuits to execute the 
corresponding processing and easy accommodation to 
different broadcast types of picture data is possible. 
Furthermore, the invention enables trick-plays at different 
trick-play speeds and for fast forward and rewind operations 
and provides a multifunctional and easy-to-use recording 
apparatus and a recording medium. 

The invention may be embodied in other specific forms 
without departing from the spirit or essential 
characteristics thereof. The present embodiment is 
therefore to be considered in all respects as illustrative 
and not restrictive, the scope of the invention being 
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' indicated by the appended claims rather than by the forgoing 
description and all changes which come within the meaning 
and range of equivalency of the claims are therefore 
intended to be embraced therein. 
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We claim: 

1. A digital signal recording apparatus for recording 
a digital compressed picture signal by using a rotary 
magnetic head in contact with running magnetic tape (108), 
comprising: 

picture data extraction circuit (103) for extracting 
picture data out of input a digital compressed picture 
signal; 

trick-play- data generation means (105) for 
generating trick-play data from said picture data through 
program processing; 

data disposition circuit (106) for disposing said 
trick-play data on tracks in predetermined position (404) 
falling in line with the trace of said rotary magnetic head 
scanning in trick-play mode; and 

storage unit (104) for storing picture data extracted 
by said picture data extraction circuit and trick-play data 
that is disposed by said data disposition circuit. 

2. The digital signal recording apparatus according 
to claim 1, wherein said picture data extraction circuit 
(103) extracts intra-frame coded pictures. 
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3. The digital signal recording apparatus according 
to claim 1, wherein said picture data extraction circuit 
(103) includes start code detection circuit (505) to detect 
a predetermined picture start code contained in said digital 
compressed picture signal and end code detection circuit 
(504) to detect a predetermined picture end code contained 
in said digital compressed picture signal, 

4. The digital signal recording apparatus according 
to claim 1, wherein said picture data is analyzed into 
spatial frequency components through the use of discrete 
cosine transform and said trick-play-data generation means 
(105) cuts high-band spatial frequency components from said 
picture data when generating said trick-play data. 

5. The digital signal recording apparatus according 
to claim 1, wherein said storage unit (1702) includes a 
plurality of picture data storage areas for storing said 
picture data and allows said trick-play-data generation 
means (105) to write picture data extracted by said picture 
data extraction circuit into a first picture data storage 
area and, at the same time, read stored picture data out of 
a second picture data storage area in order to generate said 
trick-play data. 
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6» The digital signal recording apparatus according 
to claim 5, wherein said storage unit (104) includes a 
plurality of trick-play-data storage areas for storing said 
trick-play data and allows said trick-play-data generation 
means (105) to generate and write said trick-play data into 
a first trick-play-data storage area while reading said 
trick-play data, which has once been stored, out of a second 
trick-play-data storage area in order to send it to said data 
disposition circuit. 

7. The digital signal recording apparatus according 
to claim 1, wherein said data disposition circuit (106) 
disposes trick-play data for being reproduced at a plurality 
of trick-play speeds in place on said magnetic tape. 

8. The digital signal recording apparatus according 
to claim 1, wherein: 

said trick-play-data generation means (105) 
generates first trick-play data for being reproduced at 
first trick-play speed at which a recording data rate is the 
maximum among a plurality of trick-play speeds; and 

said data disposition circuit (106) disposes said 
first trick-play data on the magnetic tape in recording 
areas falling in line with the trace at said first trick-play 
speed and reuses and re-disposes said first trick-play data 
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on the magnetic tape in recording areas falling in line with 
the trace at second trick-play speed at which the recording 
data rate is lower. 

9. The digital signal recording apparatus according 
to claim 8, wherein said storage unit (104, 1702) includes 
at least three trick-play-data storage areas for storing 
said first trick-play data. 

10. A digital signal recording apparatus for 
recording a digital compressed picture signal by using a 
rotary magnetic head in contact with running magnetic tape, 
comprising: 

picture data extraction circuit (103) for extracting 
picture data out of digital compressed picture signal that 
are input; 

trick-play- data generation means (105) for 
generating trick-play data from said picture data; 

data disposition circuit (106) for disposing said 
trick-play data on tracks in position falling in line with 
the trace of said rotary magnetic head scanning in 
trick-play mode; and 

storage unit (104) for storing the picture data 
extracted by said picture data extraction circuit and the 
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trick-play data that is disposed by said data disposition 
circuit ; wherein 

said data disposition circuit (106) disposes data for fast 
forward trick-play on tracks in predetermined fast -forward 
data recording locations falling in line with the trace of 
said rotary magnetic head scanning in fast forward mode and 
data for rewind trick-play on tracks in predetermined rewind 
data recording locations falling in line with the trace of 
said rotary magnetic head scanning in rewind mode. 

11. The digital signal recording apparatus according 
to claim 10, wherein said trick-play-data generation means 
(105) generates said trick-play data in accordance with the 
program processing of a microprocessor. 

12. The digital signal recording apparatus according 
to claim 10, wherein said trick-play-data generation means 
(105) adds error correction code to said trick-play data. 

13. The digital signal recording apparatus according 
to claim 10, wherein, if said trick-play data generated by 
said trick-play-data generation means (105) does not meet 
in size an integer multiple of the quantity of data to which 
said error correction code is added, the remaining data 
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blocks are filled with data that is not decoded into picture 
data. 

14. The digital signal recording apparatus according 
to claim 10, wherein said data disposition circuit (106) 
disposes said data for rewind trick-play by rearranging the 
blocks of the trick-play data to constitute a complete 
picture on screen in sequence of reproducing data at 
rewinding reproduction. 

15. The digital signal recording apparatus according 
to claim 10, wherein said trick-play- data generation means 
(105) generates said data for fast forward trick-play and 
said data for rewind trick-play on the basis of same picture 
information and different time information. 

16. The digital signal recording apparatus according 
to claim 15, wherein time information for said data for fast 
forward trick-play is replaced with time information for 
said data for rewind trick-play in said storage unit after 
said trick-play-data generation means (105) reads the 
former time information from said storage unit and sends it 
to said data disposition circuit and before sending the 
latter time information to said disposition circuit. 
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17. A recording medium (401) on which a digital signal 
recording apparatus having a rotary magnetic head records 
a digital compressed picture signal, wherein data for fast 
forward trick-play is disposed and recorded thereon in a 
predetermined fast -forward data recording location falling 
in line with the trace of said rotary magnetic head scanning 
in fast forward mode and data for rewind trick-play is 
disposed and recorded thereon in a predetermined rewind data 
recording location falling in line with the trace of said 
rotary magnetic head scanning in rewind mode. 

18. The recording medium according to claim 17, 
wherein error correction code is added to said data for 
trick-play when data is recorded thereon. 

19. The recording medium according to claim 18, 
wherein, if said data for trick-play does not meet in size 
an integer multiple of the quantity of data to which said 
error correction code is added, the remaining data blocks 
are filled with data that is not decoded into picture data. 

20. The recording medium according to claim 17, 
wherein said data for rewind trick-play is disposed thereon 
with the blocks of trick-play data to constitute a complete 
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picture on screen being rearranged in sequence of 
reproducing data at rewinding reproduction. 

21. The recording medium according to claim 17, 
wherein said data for fast forward trick-play and said data 
for rewind trick-play generated on the basis of same picture 
information and different time information are recorded 
thereon . 
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Abstract 

The present invention provides a digital signal 
recording apparatus and a recording medium for recording 
digital compressed picture information on magnetic tape, 
and specifically the structure of the recording apparatus 
that suitably records picture trick-play data separately 
from recording data for a normal replay and the recording 
medium on which data is suitably recorded. 

The digital signal recording apparatus includes 
picture data extraction circuit (103) for extracting 
picture data from the input digital compressed picture 
signal, trick-play-data generation means (105) for 
generating trick-play data while reducing the extracted 
picture data, and data disposition circuit (106) for 
disposing the trick-play data on tracks in position falling 
in line with the trace of the rotary magnetic head scanning 
in trick-play mode. The trick-play-data generation means 
(105) operates through program processing of a 
microprocessor (105) . In addition, the recording apparatus 
generates trick-play data respectively applied to fast 
forward operation and rewind operation and record the data 
in predetermined locations on a medium, whereby faster 
display update on screen during the trick-play is achieved 
and rewind and replay operation can be perfoimed suitably. 
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United States, listed below and have also identified below, by 
checking the box, any foreign application for patent or inventors 
certificate, or PCT International application having a filing date 
before that of the application on which priority is claimed. 

Priority Not Claimed 

30/November/1999 



(Day/Month/Year Filed) 



(Day/Month/Year Filed) 



□ 



□ 



I hereby claim the benefit under Title 35, United States Code, 
Section 119(e) of any United States provisional application (s) 
listed below. 



(Application No.) 



(Filing Date) 

{m^0) 



I hereby claim the benefit under Title 35, United States Code, 
Section 120 of any United States application(s), or 365(c) of any 
PCT international application designating the United States, 
listed below and. Insofar as the subject matter of each of the 
claims of this application is not disclosed in the prior United 
States or PCT International application in the manner 
provided by the first paragraph of Title 35, United States Code 
Section 112, I acknowledge the duty to disclose information 
which is material to patentability as defined in Title 37, Code of 
Federal Regulations, Section 1.56 which became available 
between the filing date of the prior application and the national 
or PCT international filing date of application. 

(Status: Patented, Pending, Abandoned) 

(Status: Patented, Pending, Abandoned) 

I hereby declare that all statements made herein of my own 
knowledge are true and that all statements made on 
information and belief are believed to be true; and further that 
these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



POWER OF ATTORNEY: As a named inventor, I hereby 
appoint the following attorney(s) and/or agent(s) to prosecute 
this application and transact all business in the Patent and 
Trademark Office connected therewith (list name and 
registration number) 

Gene Z, Rubinson, Reg. No. 33,351; Arthur J. 
Steiner, Reg. No. 26,106; Keith E. George, 
Reg. No. 34,111; Michael E. Fogarty, Reg. 
No. 36,139; Stephen C. Carlson, Reg. No, 
39,929; Alexander V. Yampolsky, Reg. No. 
36,324; Wesley L. Strickland, Reg. No. 
44,363 



Send Correspondence to; 
McDermott, Will & Emery 

600. 13th Street, N.W., Washington, D.C. 2 0005-3096 

W^^MnSM^^G : {^^RIJ^M^^^) Direct Telephone Calls to: {name and telephone number) 



Telephone: (202) 887-4000 
Fax: (202) 887-4288 







Full name of sole or first inventor 
Naozumi SUGIMURA 






Inventor's signature Date 






Residence 
Yokohama, Japan 


Citizenship 
Japan 






Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi BIdg. 5-1 , Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 



{W>~)i}M(D^UW^^\Z'0\^\X^nmzmWL\^.m^'^^^ (Supply similar information and signature for second and 

subsequent joint inventors.) 
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Full name of second joint inventor, if any 
Kyoichi HOSOKAWA 








Second inventor's signature Date , 








R^idence 
Yokohama, Japan 


mW Citizenship 

Japan 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi BIdg. 5-1, MarunouchI 1-chome. 
Chiyoda-ku, Tokyo 100-8220, Japan 








Full name of third joint inventor, if any 
Seiichi SAITOU 








Third inventor's signature Date 


iWr 






Residence 
Tokyo, Japan 


Citizenship 
Japan 








Post Office Address 

c/o Hitachi, Ltd., Intellectual Property Group 
New Marunouchi BIdg. 5-1, Marunouchi 1-chome, 
Chiyoda-ku, Tokyo 100-8220, Japan 








Full name of fourth joint inventor, if any 








Fourth inventor's signature Date 








Residence 


la^ Citizenship 








Post Office Address 




nm 




Full name of fifth joint inventor, if any 








Fifth inventor's signature Date 








Residence 


Citizenship 








Post Office Address 



(m-K^JMo:>^n%mm\:L-:^\^^^^nm\zmmh.m^^'r^ (Supply similar information and signature for sixth and 
^ ^) subsequent joint inventors.) 
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